Reviewer #1 (Remarks to the Author):
In this manuscript the authors show how nuclear spin quantum memory can be used to improve by a factor of two the performance of an NV center as a magnetic field sensor. They use the correlation spectroscopy measurement scheme, which is well known to result in significant improvement in frequency resolution; the factor 2 sensitivity improvement in this work comes from the entanglement between the "sensor" electron qubit and the "memory" nuclear spin, which gets around the loss in signal contrast due to the sensor qubit coherence decay during the correlation time T_c. The authors test their scheme by demonstrating readout of a fictitious signal, introduced as a pulse phase shift, and then they use their scheme to detect the presence of nuclear spins in the diamond lattice, at various hyperfine coupling strengths.
In my opinion, this manuscript presents a useful metrological tool, which will find a number of applications in the field, but the text is in poor shape, and many revisions and clarifications are needed, as detailed below.
1) The authors claim that their method "makes the most efficient use of resources at hand" and that their algorithm makes "best use of sensing qubit and quantum memory". The manuscript does not substantiate these claims, indeed "most efficient" and "best" are not defined (frequency sensitivity, signal-to-noise, etc). These claims should be either removed or proven. 2) In eq. (1b) the average over \phi gives a factor of 1/2 in the second term in the numerator, but the first term is still 1, which is inconsistent with the next line. The authors should correct the math or explain in more detail. 3) In fig. 2c the decay constant T_T displays exponential dependence on the free evolution time \tau, with a time constant of about 30 us. Why? Where does this time scale come from? It is much less than the electron spin T_2 time (400 us). 4) In several places the authors refer to fig. S2c, which does not exist. 5) There are many places in the manuscript that need careful re-wording, such as "for enhanced respectively conventional measurement", "for we have A_{zz}=...", etc. 6) The authors use a strange notation where the phase appears as a superscript in an equation, I suggest they use the usual exponential notation instead. 7) The authors claims that in fig. 3b they "can discriminate between the spin flipping up or down". They should explain in more detail how this can be seen from the data in the figure. 8) In Fig. 3c,d the authors chose \tau to be 3.5 us and 0 us. Why? They mention that "effective \tau is longer" -how much longer, and how does this affect the measurement? This should be quantified, and more information on the CROT gates etc may be useful here. 9) How do the authors define their "signal contrast" ( fig. 1d and 2d ) and "memory qubit signal" ( fig.  3c ) in terms of NV fluorescence readout? In fig. 3c , for example, this seems to be centered at 0.6 -why not 0.5? And why is the signal oscillation amplitude approx. 0.15? This is likely related to the amplitude of the peak in fig. 4a , but why is there an offset? 10) On a related note, the authors claim that "the addition of the memory did not show any disadvantages". Yet they do not quantify the time resources needed to implement the CROT gates (and the resulting reduction in signal-to-noise, given a fixed averaging time), and there is no mention of the fidelity of their gates. This information should be given in the manuscript. Indeed the ideal improvement offered by the authors' algorithm is a factor of 2 in sensitivity, but this will be degraded by imperfect gates and the extra time needed for the gates, so this should be quantified. In the "Full entanglement" subsection of "Methods" the authors claim that the 3\pi flip of the memory is "less time and energy efficient" than a single \pi flip, so clearly this is an issue. 11) The first sentence of the methods section refers to "a concentration of 0.2%" -this is concentration of what? The entire text should be carefully proof-read, as there are many such omissions and typos. 12) The authors mention that for spins the Hadamard gates are pi/2 pulses, etc, yet they mix the notation in their quantum wire diagrams. 13) The following sentence in the caption of fig. 3 makes no sense: "For initialized spin, also the phase-shifted signal in panel b shows a signal" 14) The authors should be careful with referencing related work, for example I suggest at least citing Phys. Rev. X 5, 011001 (2015) . 
